A unique novel reptilian paramyxovirus, four atadenovirus types and a reovirus identified in a concurrent infection of a corn snake () collection in Germany
To appear in: VETMIC M a n u s c r i p t M a n u s c r i p t M a n u s c r i p t 5 viruses were also isolated on permanent cell lines. The PMV detected in these corn 1 snakes is new to science, and seems to be the first described representative of a 2 third major squamatid PMV group. 3 4 Materials and Methods: 5
Samples 6
In January 2009, a dead juvenile female corn snake (Pantherophis guttatus) (Lab. 7 No. 6/3/09) was dissected at the Bird and Reptile Clinic, University of Leipzig, 8
Leipzig, Germany. Its body weight was 4 g and the head-cloaca length 29 cm. Prior 9 to death, the snake had dyspnoea and vomitus. Gross necropsy showed cachexia. 10
The stomach was moderately filled with brown pasty content, the gut was empty and 11 no macroscopic lesions were observed. Histopathologically the only finding was 12 hyperplasia of melanophagocytes in the liver, while other organs showed advanced 13 autolysis. According to the clinical symptoms, the hyperplasia of melanophagocytes, 14 the juvenile age and the history of ananother death in the snake collection, a viral 15 disease was suspected. Samples of lung, kidney, and intestine were sent to the 16 University of Hohenheim, Stuttgart, Germany for virus detection. One month later, 13 17 young corn snakes (body weight: 7-30 g) remaining in the possession of the same 18 owners were swabbed (oral and cloacal) and tested (Lab. No. 14/1/09 to 14/13/09). 19
Later, without further notice the owner dispersed the stock (some were reported to 20 have died afterwards) and established a new snake collection. At this point -five 21 months after the first tests -these 10 animals (Lab. No. 54/1/09 to 54/10/09) were 22 also swabbed and tested. All together 26 clinical diagnostic samples including 3 23 organs and 23 oral and cloacal swabs from a total of 24 corn snakes of two 24 consecutive stocks kept at the same enclosure of one owner were sent to our 25 laboratory and tested for the presence of PMV, AdV, and reoviruses (Table 1) . M a n u s c r i p t 6 Tissue samples or swabs were immersed in 3 ml Dulbecco's modified Eagle's 1 medium (DMEM) (Biochrom AG, Berlin, Germany) supplemented with antibiotics for 2 further processing. 3 4
Virus isolation 5
Isolation of viruses was attempted from all samples on Russell's viper heart cells 6 (VH-2, ATCC: CCL-140) and iguana heart cells (IgH2, ATCC, CCL-108). Samples in 7 DMEM were sonicated for destruction of cells and suspension of viruses. The 8 samples were then centrifuged at 3000 x g for 10 min. for the removal of cell-debris 9 and bacteria, then 200 µl of the homogenate was inoculated onto medium-free, 10 approximately 70% confluent cell monolayers in 30 mm diameter Cellstar ® tissue 11 culture dishes (Greiner Bio-One GmbH, Frickenhausen, Germany). After incubating 12 for 2 h (at 28 °C, 5% CO 2 ) 2 ml nutrient medium (DMEM supplemented with 2% 13 foetal calf serum, 1% non-essential amino acids and antibiotics (200 U/ml penicillin-14 G, 380 U/ml streptomycin-sulfate, 6.4 U/ml gentamycinsulfate and 0.5 µg/ml 15 amphotericin-B) were added to each dish. Cells were examined for the presence of 16 cytopathic effects (CPE) approximately every 3 days with an inverted light 17 microscope (Leitz, Weitzlar, Germany), dishes were frozen when extended CPE was 18 seen. Dishes showing no CPE were frozen after 2 weeks of incubation for blind 19 passaging. Two additional passages were performed from each dish after a freeze 20 and thaw cycle and low speed centrifugation. RNA and DNA were prepared from the 21 cell culture supernatant as described below for further identification and 22 characterization of isolates. 23
In the case of mixed virus isolates, a 10 fold serial dilution of the supernatant was 24 made. From each dilution step at least four wells of a 96-well FALCON MICROTEST A c c e p t e d M a n u s c r i p t 7 plate (Becton Dickinson Labware, Franklin Lakes, USA) were inoculated in parallel in 1 order to separate the different viruses (end-point dilution, Reed and Muench, 1938) . 2
To determine whether virus isolates were enveloped, chloroform treatment was 3 performed by mixing chloroform and virus suspension 1:10, followed by shaking on a 4 vortex for 1h and centrifugation at 10.000 x g for 10 min. The supernatant was then 5 diluted 1:10 in maintenance medium and inoculated into tissue culture dishes as 6 described. Infectious cell culture supernatant without chloroform treatment was 7 inoculated parallel into tissue culture dishes. Plague purification assay was also 8 performed, as described by Bijlenga and Duclos (1989) with some modifications. 9
Nutrient medium (see above) was prepared with an additional 1% of agar-agar 10 (Merk, Darmstadt, Germany). Tissue culture dishes were infected with the mixed 11 virus isolate, and after two hours of incubation 2 ml of this semi-solid medium was 12 added. Dishes were incubated at 28 ºC, 5% CO 2 for 3 days, microscopic agar-plaque 13 samples were collected randomly using pipette tips and placed separately in 500 µl 14 DMEM supplemented with a 2x concentration of antibiotics. Samples were then 15 sonicated in an ice bath (Bandelin electronics, Berlin, Germany, 40 KHz) for 5 16 minutes and re-inoculated onto one day-old tissue culture dishes and incubated for 17 programme (Hall, 1999) . This alignment was further used for phylogenetic 12 calculations in the PHYLIP program Package version 3.6. (Felsenstein, 1989 ) 13 comparing parsimony, maximum-likelihood, and distance based methods to obtain 14 an optimal tree. Bootstrap analysis of 100 replicates was carried out. 15
16

Results 17
In this study we have investigated 26 organs and oral/cloacal swabs originating from 18 24 corn snakes of two successive stock of a single owner and were able to detect 19 PMV by PCR in the 7 snakes of the fist stock, and AdVs from 3 snakes both in the 20 first and second stocks. Reoviruses were successfully isolated from 7 & 2, PMV from 21 2 & 0 and AdV from 2 & 0 snakes of the first & second stock respectively ( Table 1) . and intestine of the dead animal and six swabs of the surviving snakes from the 1 st M a n u s c r i p t 10 collection (50%) ( Table 1) , but none from the 2 nd collection. From the L-gene positive 1 samples each (50% of group one) were positive in the HN gene nested RT-PCR (399 2 bp), and all but one (sample "14/8/09", 42.8% positive of group one) using the U 3 gene nested RT-PCR (640 bp). The homologous PMV partial gene sequences found 4 in different samples were identical to one another, and represent a new reptilian PMV 5 (assigned name: PanGut-GER09) ( Fig. 1 and Fig S-1) . The PanGut-GER09 partial 6 gene sequences have been submitted to GenBank and assigned the accession 7 numbers: HQ148084 to HQ148087. 8
AdVs were detected from the diagnostic samples using consensus nested PCR 9 (product size: 320 bp) in 6 animals altogether (25%), 3 from the 1 st group (21.4 %) 10
( Table 1 ). The AdV from the kidney and intestine of the dead snake (6/3/09) had a 11 partial polymerase sequence identical to the GenBank (FJ012163) snake adenovirus 12 type 2 (SnAdV-2) sequence. Two surviving snakes of this 1 st collection (14/2/09 & 13 14/3/09) that were also identified with AdV infection by PCR revealed two different 14 viruses based on their partial polymerase sequences with 100% and 93% identity 15 Three animals of the 2 nd collection (30%) were AdV positive. The sequencing 20 revealed three different viruses: beside the above mentioned SnAdV-1 (54/4/09) and 21
SnAV-2 (54/6/09), a third type, identical in its partial polymerase sequence to the 22
SnAV-3 (FJ012164) was also detected in a snake (54/1/09). 23
Reoviruses were not detected directly from the diagnostic samples using the nested 24 RT-PCR targeting the RNA dependent RNA polymerase (RDRP). 25 M a n u s c r i p t
Isolation of viruses 1
Adenoviruses were isolated in two cases (14.3%), once from the intestine of the dead 2 snake (6/3/09) and from a swab taken from a survivor (14/2/09) in the first collection 3 (Table 1) . Observed cytopathic effects (CPE) with rounding and detachment of some 4 cells ( Fig S-1b) were typical of AdV. Paramyxoviruses were isolated from the kidney 5 and intestine of the dead animal and from the swab of the same survivor as above. 6
Typical CPE of giant fusion cells (syncitia) was observed. Reoviruses were isolated 7 from a total of 9 snakes (37.5%), including all three organs of the dead snake and six 8 survivors of the first collection, as well as two swabs from the second collection 9
( Table 1) In both cases of AdV isolation, PMV and reoviruses were also present in the isolates. 16
The PMV isolates are easily overgrown with reovirus, yet the presence of PMV was 17 verified by L, U, and HN gene RT-PCR amplification of PMV RNA from the cell 18 culture supernatant. Using the end-point dilution method followed by chloroform 19 treatment pure AdV was obtained from the 14/2/09 sample. Using an end-point 20 dilution method followed by a plaque purification assay, a pure PMV isolate was 21 For the HN gene, these values are similar: 78.2-80% ("A") and 79.9-80.5% ("B") and 3 somewhat lower for the U gene (including non-coding regions): 72.7-75.4% ("A") and 4 69.7-70% ("B"). Phylogenetic calculations (Fig. 1 ) based on the three partial gene 5 sequences show that all rPMV form a single monophyletic cluster, representing the 6 proposed new "Ferlavirus" genus. Within this genus the earlier described tortoise 7 isolate and the "A" and "B" squamatid PMVs form separate groups. The novel 8
PanGut-GER09 virus clusters with moderate bootstrap values either to the "B" group 9 (L gene, Fig. 1a ), or to group "A" (HN & U gene, Fig. 1bc ), as a sister taxon. Fig S1) . The putative protein coded by ORF-1 has a predicted length of 82 aa 15 (suppl.: Fig. S2c ), whereas ORF-2 encodes a 144 aa protein (suppl: Fig. 2d ), 1 or 2 16 aa longer than those found in rPMV of group B or A respectively. Nucleotide identity 17 values of the overlapping presumed coding regions of the U gene were comparable 18 to those seen in the L and HN gene partial CDS. Yet unlike the latter two genes, the 19 U gene putative ORFs of the new isolate had a distinctly higher similarity to the group 20 "A" viruses than to group "B" ones: 85.9-86.7% ("A") / 77.1-77.9% ("B") for ORF1 or 21 81.9-83.5% ("A") / 78.4-78.6% ("B") for ORF-2. Additionally, repeated sequencing 22 verified that there is a single nucleotide variation at position 383 ( Fig. S1/c In the current study, multiple viral infections were detected in captive corn snakes. 11
The pathogenic role of the concurrent viral infection in the present case could not be 12 fully clarified as only limited data were made available, and the owner dispersed the 13 population without further notice soon after our second positive tests. We presume 14 that mixing of previously untested animals of uncertain origins to form a new 15 breeding population might be the source of infection in the 1 st collection of this study, 16 while in the case of the 2 nd collection after dispersing the 1 st snake group, 17 inappropriate disinfection of the terrariums could also be a factor for transmitting viral 18 infection into the newly introduced animals, as the same types of non-enveloped 19 viruses (reo-, AdV) were detected in these animals as before, whereas the 20 environmentally less stable PMV was no longer present. Detecting a further type of 21 Reoviruses are commonly described in reptiles, mostly in snakes (Jacobson, 2007) . collection and two snakes in the 2 nd collection, Table 1 ) were identical to one another 2 and 100% identical to the reptilian orthoreovirus isolate 55-02 (E4309703), 3 suggesting a single source for the infection. 4
The AdV sequences detected in six snakes from the two collections, on the other 5 hand, could be divided into four distinct types, representing the previously described data of the different snake isolates suggest that these are the same type: SnAdV -1, 19 which was also isolated in this study. However, this study is the first report on the 20 isolation of the proposed type 2 snake AdV in cell culture (6/3/09 intestine, mixed 21 with reo-& PMV). This snake AdV type 2 has been identified previously in the USA 22 rPMV in seven (one dead and six living) snakes from the 1 st collection, which could 7 be isolated first in a mixed, then in pure culture. 8
The first molecular based (L and HN gene) classification of reptilian PMV by Ahne 9 and co-authors (1999) described two distinct "subgroups" with very low inner 10 variance, called "a" and "b" and a set of more variable intermediate isolates. Later, 11
Franke and co-authors (2001) described three clusters (A, B and C) on their L gene 12 phylogenetic tree. Unfortunately, this latter publication did not include sequences 13 from the earlier paper in the comparison, thus the denominations of their clusters do 14 not refer to those of the subgroups ("cluster A" corresponded to the earlier "subgroup 15 b", "cluster B" to the "intermediate isolates", and "cluster C" to the earlier "subgroup 16 a"). This discrepancy in the names was resolved in recent publications by our 17 research group (Marschang et al., 2009) . Considering the seniority rule in 18 nomenclature, and the high bootstrap monophyletic clusters of the L, HN and U gene 19 trees, a revised grouping for the squamatid rPMV was suggested: A "sensu lato" 20 group "A" contained the previous "subgroup a" and the old and new "intermediate 21 Germany belong to one of the two squamatid PMV groups. The current study based 3 on partial L, HN and U gene sequences first describes a representative of a novel 4 third squamatid PMV cluster: "group C", equally distant from the other two squamatid 5 groups, within the proposed genus "Ferlavirus" genus ( Fig. 1) . 6
These interesting new findings underline the significance of sequencing in routine 7 reptilian virus diagnostics. It also shows the importance of testing for several different 8 pathogens. Although each of the viruses detected in these snakes has been reported 9 in connection with disease, the effect of combined infections and the prevalence of 10 such combined infections is unknown. Concentrating on a single pathogen (e.g. PMV 11
in snakes) can lead to underestimation of the importance of other infectious agents. 12
The case report also emphasizes the importance of disinfection together with entry 13 assessment prior to establishing new snake collections or introducing new animals 14 into formerly established groups. 15 
